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Summary Over the past two decades, high-resolution ultrasonography of peripheral nerves
has been evolved as an adjunctive examination technique in clinical neurophysiology lab-
oratories providing complementary information to electrodiagnostic studies. In addition to
the information on nerve function, which are typically obtained by nerve conduction stud-
ies and electromyography, ultrasonography permits direct assessment of pathologic changes in
nerve structure and/or in the adjacent tissue, as well. This article reviews the clinical sig-
niﬁcance of ultrasonography for the diagnostic evaluation of focal neuropathies, particularlylesion;
Polyneuropathy entrapment neuropathies, traumatic nerve lesions, nerve sheath tumors, and several types of
polyneuropathies. Ultrasonography offers neuromuscular clinicians a unique opportunity to con-
duct both complementary examination modalities by themselves without referring patients to
another laboratory.
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ince the ﬁrst reports on sonographic evaluation of periph-
ral nerves [1,2], high-resolution ultrasound has evolved
apidly over the past two decades. The ability of ultra-
onography to visualize even small structures like peripheral
erves makes ultrasonography complementary to electro-
iagnostic studies. In addition to the information on nerve
unction, which is typically provided by nerve conduction
tudies (NCS) and electromyography (EMG), neuromuscular
ltrasound permits direct assessment of pathologic changes
n nerve structure and/or in the adjacent tissue, as well.
ost commonly, ultrasonography has been studied for the
Opeiagnosis of focal neuropathies, speciﬁcally of entrapment
europathies at various sites throughout the arm and leg.
urthermore, this technique has been proved valuable for
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Open access under CC BY-NC-ND license.he examination of traumatic nerve lesions, nerve sheath
umors and several types of polyneuropathies.
ntrapment neuropathies
he most common cause of focal neuropathies is entrapment
f a nerve while passing through an osseo-ﬁbrous tunnel,
uch as the carpal tunnel at the wrist and the cubital tun-
el at the elbow. The pathophysiological feature of nerve
ompression comprises disturbed vascular microcirculation,
mpaired axonal transport, edema within the nerve, and
hickening of perineurium resulting in an enlargement of the
erve diameter, which is typically located proximally to the
ntrapment site [3]. Consequently, changes in nerve cross-
ectional area are the most relevant sonographic ﬁndings
ess under CC BY-NC-ND license.n entrapment neuropathies (Supplementary Fig. 1; to view
he ﬁgure, please visit the online supplementary ﬁle in Sci-
nceDirect). In patients with carpal tunnel syndrome (CTS),
umerous studies demonstrated high accuracy for both, the
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Figure 1 Cross-sectional view of the median nerve at the inlet Figure 3 Cross-sectional view of the ulnar nerve (dotted line)
in the ulnar groove between the medial epicondyle and the
olecranon process. (a) Enlargement of the cross-sectional area
to 25mm2 in a patient with ulnar neuropathy at the elbow.
(b) Nerve conduction study of the ulnar nerve. Motor poten-
tials are recorded from the abductor digiti minimi muscle after
stimulation at the wrist (upper curve), below (middle curve)
and above the elbow (bottom curve). Low amplitudes of com-
pound motor potentials indicate severe Wallerian degeneration
of axons, which makes it difﬁcult to determine the exact site
o
t
u
f
j
g
f
cof the carpal tunnel at the wrist showing a biﬁd median nerve
(dotted line) and a small persistent median artery (arrow).
maximum cross-sectional area of the median nerve proxi-
mal to the entrance of the carpal tunnel and the ratio of
the median nerve area at the wrist to the area of the nerve
at the forearm [4—11]. For example, according to a cut-off
value for the cross-sectional area of 10mm2, sensitivity and
speciﬁcity were 82% and 87% in a study by Ziswiler et al.
[6]. Increasing the cut-off value to 12mm2 resulted in a
100% speciﬁcity at the expense of a lower sensitivity of 44%.
Secondary ﬁndings in patients with CTS are nerve ﬂattening
within the carpal tunnel and bowing of the ﬂexor retinacu-
lum [2]. In contrast to electrodiagnosis, ultrasonography has
the capability to rule out secondary causes of CTS such as
tenosynovitis, ganglion cysts, accessory muscles or tumors
[4,5]. In case the nerve branches proximal to the carpal
tunnel, ultrasonography can further demonstrate a biﬁd
median nerve [11] or a persistent median artery (Fig. 1)
[12]. If symptoms persist or worsen after surgery, ultra-
sonography may be valuable to assess incomplete splitting
of the retinaculum or intra-operative injuries of the ulnar
branch of the median nerve (Fig. 2). However, in contrast
to NCS, ultrasonography is obviously not suitable for post-
treatment follow-up of CTS since Lee et al. [13] pointed out
Figure 2 Cross-sectional view of the median nerve in the
carpal tunnel in a patient who underwent surgery for carpal
tunnel syndrome and complained about numbness of the ulnar
portion of the middle ﬁnger and the radial portion of the ring
ﬁnger. Nodular enlargement of the ulnar branch of the median
nerve (arrowheads), probably, as consequence of nerve injury
during surgery. (Long arrows indicate the not affected radial
portion of the median nerve.)
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hat the cross-sectional area of the median nerve remained
nchanged 6 months after surgery.
Supplementary material related to this article can be
ound, in the online version, at http://dx.doi.org/10.1016/
.permed.2012.03.012.
As with carpal tunnel syndrome, several studies investi-
ated the sensitivity and the speciﬁcity of ultrasonography
or the diagnosis of ulnar neuropathy at the elbow in
omparison to electrodiagnosis [14—19]. Speciﬁcally, if elec-
rodiagnostic studies are inconclusive, which may occur
n case of severe Wallerian degeneration of axons when
onduction velocities are difﬁcult to determine, ultrasonog-
aphy helps either to localize the exact site of nerve
ntrapment around the elbow (Fig. 3) or to rule out
lnar neuropathy at sites different from the elbow seg-
ent [14,20]. Dynamic ultrasonography during ﬂexion of the
lbow may further demonstrate subluxation or dislocation of
he ulnar nerve from its normal position in the ulnar groove,
hich may occur either isolated or in combination with the
edial head of the triceps muscle [16,20].
In clinical practice, it is always recommended to track
he entire course of each nerve from the wrist to the
xilla for several reasons: Focal inﬂammatory neuropathy,
hich is frequently located at proximal sites of the upper
xtremities, or nerve tumors may be otherwise mistaken
or entrapment syndromes. Demyelinating polyneuropathies
uch as Charcot—Marie—Tooth disease or chronic inﬂamma-
ory demyelinating polyneuropathy (CIDP) showing a diffuse
welling of nerves may be missed if only a single mea-
urement is performed at the wrist or at the ulnar groove
etween the medial epicondyle and the olecranon pro-
ess. Further sites of entrapment that can be evaluated
ith ultrasound are the supraspinous notch (suprascapular
erve), the quadrilateral space (axillary nerve), the spiral
roove of the humerus (radial nerve), the proximal edge of
424 U. Schminke
Figure 4 Cross-sectional view of the median nerve (dot-
ted line) at the upper arm proximal to the cubital fossa in
a patient with chronic inﬂammatory demyelinating polyneu-
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Figure 5 Longitudinal view of a completely transected ulnar
nerve (arrows) at the upper arm. (a) Traumatic neuroma at
the terminal end of a transected nerve with homogeneous tex-
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aopathy (CIDP). The cross-sectional area is enlarged and some
ascicles are more swollen than others.
he supinator muscle (posterior interosseus nerve), and the
sseo-ﬁbrous tunnel at the ﬁbular head (peroneal nerve).
olyneuropathies
s expected from histology and from magnetic reso-
ance imaging (MRI) studies, patients with CIDP show
iffuse enlargement of both, cervical nerve roots and
eripheral nerves. Typically, some fascicles are more
ffected than others within a single nerve and addi-
ional areas of focal enlargement may occur (Fig. 4)
21—23]. These areas of focal enlargement, which have
lso been reported in patients with multifocal motor neu-
opathies [24], correlate well with nerve conduction blocks
n electrodiagnostic studies [25]. This ﬁnding is clinically
elevant because conduction blocks are sometimes difﬁcult
o assess in proximal portions of peripheral nerves [25].
iffuse nerve enlargement is also a characteristic ﬁnding
n patients with hereditary motor and sensory neuropa-
hy (Charcot—Marie—Tooth disease) [26—28]. In contrast to
IDP, the enlargement involves uniformly all fascicles of an
ndividual nerve with the result that the fascicular struc-
ure of the nerve is preserved (Supplementary Fig. 2; to
iew the ﬁgure, please visit the online supplementary ﬁle
n ScienceDirect). Although diabetic neuropathy is the most
ommon polyneuropathy, only a few studies have addressed
his topic and ﬁndings are inconclusive, so far [23].
Supplementary material related to this article can be
ound, in the online version, at http://dx.doi.org/10.1016/
.permed.2012.03.012.
raumatic nerve lesions
n patients with traumatic nerve lesions, adding ultrasonog-
aphy to electrodiagnosis may provide a lot of important
omplementary information about the localization and the
ause of impaired nerve function, both being essential for
eciding upon surgical treatment. Ultrasonography not only
llows one to precisely localize the site of nerve injury,
t also indicates whether a nerve is completely transected
r partially dissected or whether the nerve is displaced or
b
t
n
sure and hypoechoic echogenicity. (b) Retraction of both nerve
tumps after complete nerve transection with a gap of 12mm.
ven encased by surrounding scar formation or by a ﬁbrous
r bony callus after bone fracture [29—32]. Furthermore,
ltrasonography may identify fracture fragments compress-
ng nerves in close vicinity to bone fractures or may quantify
he amount of nerve retraction after complete nerve tran-
ection (Fig. 5). Traumatic neuroma can occur at the site of
ither partial or complete dissection of the nerve. Neuroma
ppears as a bulbous concentric enlargement at the termi-
al end of a transected nerve with homogeneous texture
nd hypoechoic echogenicity. In case of only partial dissec-
ion, the continuity of the nerve is preserved and neuroma
ppears as nodular shaped broadening of the nerve contour
Supplementary Fig. 3; to view the ﬁgure, please visit the
nline supplementary ﬁle in ScienceDirect). Intraoperative
ltrasonography is a promising new ﬁeld enabling morpho-
ogical examination of nerve lesions in continuity in order
o assess the extent of nerve ﬁbrosis and to discriminate
etween intraneural or perineural ﬁbrosis. [33]. Both infor-
ation are valuable to estimate the regenerative potential
f a nerve lesion.
Supplementary material related to this article can be
ound, in the online version, at http://dx.doi.org/10.1016/
.permed.2012.03.012.
umors involving peripheral nerves
chwannomas (neurilemmomas) and solitary neuroﬁbromas
re the most common benign nerve sheath tumors. Sono-
raphically, they appear as well-deﬁned hypoechoic masses
ith a fusiform shape and a normal-appearing nerve that
nters and exits the tumor (Supplementary Fig. 4; to view
he ﬁgure, please visit the online supplementary ﬁle in Sci-
nceDirect) [34,35]. Because of their capsule, schwannoma
re located more excentric, while not encapsuled neuroﬁ-
roma are located more centrally compared to the course of
he nerve. Since many nerve fascicles remain intact, benign
erve sheath tumors may be missed with electrodiagnostic
tudies alone. In contrast to benign tumors, malignant nerve
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[Figure 6 Longitudinal view of an intraneural ganglion of the
tibial nerve/sciatic nerve at the level of the poplitea.
sheath tumors are characterized by rapid growth and pro-
gressive neurological symptoms. Their shape is ill-deﬁned
and their echotexture is more heterogeneous [35].
Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.permed.2012.03.012.
Leakage of joint ﬂuid into the sheath of a joint nerve
branch, which is subsequently pumped into the nerve sheath
of a main nerve, is the pathophysiological substrate of intra-
neural ganglia [36,37]. Ultrasonography characteristically
shows multiple well-deﬁned anechoic cysts within the con-
tinuity of the nerve, which are ﬁlled with joint ﬂuid and
displace the nerve fascicles (Fig. 6). Most ganglia arise from
the superior tibio-ﬁbular joint involving either the common
peroneal or the tibial nerve, but they may also affect the
tibial nerve at the ankle or the ulnar nerve at the elbow.
A recent study by Visser [36] has demonstrated that intra-
neural ganglia account for approximately 18% of peroneal
mononeuropathies at the ﬁbular head, which underlines
that ultrasonography is a valuable examination technique
that is complementary to electrodiagnostic studies in these
patients.
Outlook
In summary, ultrasonography of peripheral nerves is a valu-
able adjunctive modality in the clinical neurophysiology
laboratory. Information on pathologic changes in nerve
structure and in the adjacent tissue in conjunction with
information obtained by electrodiagnostic studies on the
severity and chronicity of a disturbed nerve function and
on the underlying demyelinating or axonal process may pro-
vide a more comprehensive picture of peripheral nerve
diseases compared to what can be provided by each modal-
ity alone [38]. Furthermore, information on nerve structure
are often indispensable for clinical decision making. With
respect to that purpose, ultrasonography is superior to mag-
netic resonance imaging in several aspects including not
only costs, accessibility, portability, speed of examination,
and patient comfort, but also technical properties such
as spatial resolution and the ability to perform dynamic
[425
xaminations during limb movements. Ultrasonography
ffers neuromuscular clinicians a unique opportunity to
onduct both complementary examination modalities by
hemselves without referring patients to another laboratory.
urrently, however, only a few neuromuscular clinicians are
amiliar with neuromuscular ultrasound. More efforts are
ecessary toward establishing examination guidelines and
aunching educational programs with appropriate certiﬁca-
ion by relevant accrediting societies to achieve a more
idespread use of ultrasonography in clinical neurophysi-
logy laboratories.
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